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TIME-OF-TRAVEL STUDY, BATTEN KILL 
FROM 0.6 MILE EAST OF VERMONT-NEW YORK BORDER 
TO CLARKS MILLS, NEW YORK 


. 


By 


Harold L. Shindel 


SUMMARY 


Time of travel was determined for the 30.8-mile reach of Batten Kill 
between BM 543 bridge, 0.6 mile east of the New York-Ve.rmont border, and 
Clarks Mills, New York. Rhodamine B and Rhodamine WT dyes were used to de- 
termine the time of travel. Cumulative peak time of travel for the peak 
concentration flow of about 46-percent duration was 47 hours and for a flow 
of approximately 89-percent duration was 101 hours. Relationships between 
peak, centroid, leading, and trailing-edge times of travel and discharge 
through the sub reaches are shown graphically. 


Time-of-travel data for each subreach as well as cumulative time graphs 
for the entire reach for different discharges are given. Dye dispersion and 
peak-analysis information are also given. 


INTRODUCTION 


This report presents the results of a time-of-travel study from June 
11 to August 1, 1968, of Batten Kill between the site of BM 543 bridge, 0.6 
mile east of the New York-Vermont border, and Clarks Mills, New York. 'Trav- 
eltime represents the integrated effect of an infinite number of the stream's 
cross sections. During this time, physical and biological mechanisms reduce 
the effects of pollutants. Using the basic time-of-travel data, sanitary 
engineers can evaluate a stream's ability to cleanse itself and can recommend 
treatment facilities if needed. The data are useful in water-sampling pro- 
grams because their use makes possible the sampling of the same slug of water 
from head-water to mouth by adjusting a sampling schedule to correspond to 
the stream's velocity. Traveltime data also provide a base for action in 
case of accidental spills of a soluble contaminant. The "Dye-dispersion " 
section of the report shows some supplemental uses of basic time-of-travel 
data. 


Fieldwork was done by the U.S. Geological Survey under the general 
supervision of Garald G. Parker, former district chief, in cooperation with 
the New York State Department of Environmental Conservation. The report 
was compiled under the supervision of Robert J. Dingman, district chief. 


The time needed by a stream to move its accompanying soluble contami- 
nants from point to point is called the time of travel between those points. 
Time of travel may be measured by using floats, analyzing average stream 
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velocities at selected cross sections, and tracking various chemicals. A 
variation of the chemical-tracking method, which uses fluorescent-dye 
tracers and seems to provide the most reliable results, was used. Briefly 
stated, the method requires that a fluorescent dye be dumped into a stream 
and that periodic samples then be taken at some downstream point until the 
slug of dye has passed. Therefore, the time necessary for the peak concen- 
tration of the dye to pass from the dump point to the sampling point is the 
the time of travel between those points. The fluorescent-dye method is ex- 
plained more fully in the "Operations" section of the report. 


The following references have been found useful in the preparation of 
this report: Fair and Geyer, 1963; G. K. Turner Associates, 1963; Mack, 
Pauszek and Crippen, 1964; Sayre and Chang, 1968; Shindel, 1969a and b; and 
Wilson, 1967. 


DESCRIPTION OF REACH 


Batten Kill flows south from the Green Mountains of Vermont to Arling- 
ton, Vermont, from where it flows in a westerly direction to the Hudson 
River in New York. 


This study deals with the reach from BM 543 bridge, a small bridge 0.6 
mile east of the New York-Vermont Border, to Clarks Mills, New York (fig. 1). 
The slope of the 31-mile reach is approximately 13.8 feet per mile. Veloc- 
ities are relatively swift in the upper part of the reach, where there are 
no dams or obstructions. Velocity in the lower part of the reach is af- 
fected by dams built mostly by various paper companies. The most upstream 
dam, which slows the flow somewhat, is at East Greenwich, New York. The 
next two dams are at Battenville and Center Falls (Blandy Paper); these two 
dams affect stream velocities little if at all. Dams at Standard Packaging 
(Greenwich), at Stephen and Thomson (slightly west of Middle Falls), and at 
Clarks Mills all provide enough storage to slow the water considerably. Of 
all the dams in the reach, the one at Clarks Mills is the largest, provides 
the most storage, and causes the lowest velocities. 


Batten Kill is gaged in two places--at Arlington, Vermont, and at 
Battenville, New York. The gage at Battenville was operative during the 
field study but was discontinued September 30, 1968. 


In the 0.5 mile reach between Clarks Mills and the mouth, velocities 
are swift, and the approximate traveltime of the peak concentration ranges 
from 0.5 hour for the higher discharge (46-percent duration) to 0.75 hour 
for the lower discharge (89-percent duration). 
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Figure l.--Locat:on of reach, sub reaches, and gaging stations on Batten Kill. 


OPERATIONS 


Prior to actual field operations, field and map reconnaissances were 
made to determine prospective sub reaches, lengths of sub reaches, and divi- 
sion of responsibility for sampling; lengths of sub reaches were determined 
from the largest scale U.S. Geological Survey map available. A description 
of each sub reach, map(s) on which it is plotted (7i-minute and 15-minute 
U.S. Geological Survey topographic quadrangles), mileage, and location of 
the sampling point are listed in table 1. 


The field procedure consisted of injecting the dye at the upstream 
site and taking samples at selected time intervals at the downstream sam- 
pling site for each sub reach. Although many dye tracers are available for 
this type of study, Rhodamine B 40-percent and Rhodamine WT 20-percent 
tracers were chos
n for use in Batten Kill. These tracers were chosen for 
their high detectability, economy, ease of handling and injection, and non- 
toxicity in the concentrations used. After doing the Batten Kill study, 
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the New York District of the U.S. Geological Survey discontinued the use of 
Rhodamine B but continued to use Rhodamine WT dye. Although WT is more 
costly, it is reported to have a higher recovery rate than Rhodamine B. 
This property of the dye is useful in dispersion studies. In this study, 
the remaining stocks of Rhodamine B were used in the upper subreaches. 
Rhodamine WT was used in the lower subreaches as an added precaution to 
avoid contamination to the various paper mills in the subreaches. The vol- 
ume of dye injected insured that the peak concentration at the downstream 
site would be less than 10 
g/l (micrograms per liter), as required by the 
U.S. Geological Survey. The amount of dye to be injected was computed by 
the formula: 


V d = CQT e , where 


V d is the amount of dye injected, in ounces; 
Q is the discharge, in cubic feet per second, at 
the sampling site; 
Te is the estimated time of travel, in hours; and 
C is a constant. 


To assure a downstream concentration of less than 10 
g/l, a target concen- 
tration of 2 
g/l was used. The final formula then became: 


Vd = O.OlQ Te for the Rhodamine WT 20-percent dye, and 
Vd = O.OOSQ Te for Rhodamine B 40-percent dye. 
After the samples were taken, they were analyzed in a Turner Model I I r 
fluorometer. The instrument is basically an optical bridge that uses a ro- 
tating prism to relate the fluorescence of a sample to a calibrated rear 
light path. The fluorometer is calibrated with prepared standards. At low 
concentrations, the dial reading varies linearly with the amount of fluo- 
rescence. The fluorometer may be used with either a flow-through door or 
with individual sample cuvettes. An individual sampling technique was used 
in the study. Samples were analyzed in the laboratory and the concentration 
was noted. The time interval between injection and arrival of peak concen- 
tration of dye was considered the peak time of travel; the interval to the 
first trace of dye was considered the leading-edge time of travel; and the 
interval to the last trace of dye was considered the trailing-edge time of 
travel. Centroid and dye-dispersion data were computed from the time-con- 
centration curve. An example of these curves is shown as figure 2. 


Discharge was obtained from the gage records at the stations: Batten 
Kill at Arlington, Vermont, and Batten Kill at Battenville, New York. For 
intermediate subreaches, discharges were interpolated on the basis of drain- 
age areas. Mean daily discharges for these stations are published in the 
annual U.S. Geological Survey reports, "Water Resources Data for New York, 
Part l, Surface Water Records. 11 An abstract of the descriptions for the 
stations is given in table 2. 


Locations of the gages and the injection and sampling sites are shown 
in figure 1. 
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bridge, Batten Kill, June 14, 1968. (A typical curve.) 


Table 2.-- Gaging-station descriptions 


l-3290. Batten Kill at Arlington, Vt. 


Location.--Lat 43°04 1 38", long 73°09 1 26", on left bank 5 feet upstream 
from bridge on Highway 313 at Arlington, Bennington County, and 
0.9 mile downstream from Warm Brook. 


Drainage area.--l52 sq mi. 


Gage.--Digital water-stage recorder. 


l-3295. Batten Kill at Battenvil1e, N.Y. 


Location.--Lat 43°06 1 05", long 73°25 1 55", on left bank 1 mile southwest 
of Battenville, Washington County, and 1.2 miles upstream from 
Trout Brook. 


Drainage area.--394 sq mi. 


Gage.--Digital water-stage recorder. 
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ANALYSIS 


Time of Travel 


To establish valid discharge versus traveltime relationships, two stu- 
dies were made to measure the times of travel at different discharges. The 
results of the measurements are shown in table 3. In the reach from Stephen 
and Thomson dam to Clarks Mills, it was not possible to find the centroid 
and the trailing edge at low flow because of (l) the poor definition of the 
curve after the peak and (2) the concurrent arrival of an upstream dye in- 
jection at the sampling site. The graphical relationships, based on table 
3, and extended slightly, are shown in figures 3 to ll. 


Figure 12 shows cumulative times of travel for leading and trailing 
edges, peak, and centroid for the highest and the lowest discharges studied. 


To find any time of travel for a rate of discharge not studied, refer 
to the discharge at the lower end of the subreach in figures 3 to 11. Read 
the traveltime for the subreach. Addition of the traveltimes for each of 
the subreaches will give the desired time of travel. A word of caution is 
in order, however. Traveltimes computed from long extensions of the dis- 
charge-t i me curves may be erroneous_. 
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Figure 3.--Relation of discharge to leading edge, peak, centroid, and trail ing 
edge times of travel: BM 543 bridge to 499 bridge. 
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Figure 4.--Relation of discharge to leading edge, peak, centroid, and trailing 
edge times of travel: 499 bridge to Shushan. 
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Figure 5.--Relation of discharge to leading edge, peak, centroid, and trailing 
edge times of travel: Shushan to Route 22. 
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Figure 6.--Relation of discharge to leading edge, peak, centroid, and trailing 
edge times of travel: Route 22 to East Greenwich. 
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Figure 7.--Relation of discharge to leading edge, peak, centroid, and trailing 
edge times of travel: East Greenwich to Battenvil1e. 
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Figure 8.--Relation of discharge to leading edge, peak, centroid, and trailing 
edge times of travel: Battenvi lle to Center Falls. 
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Figure 9.--Relation of discharge to leading edge, peak, centroid, and trailing 
edge times of travel: Center Falls to Greenwich. 
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Figure 10.--Relation of discharge to leading edge, peak, centroid, and trailing 
edge times of travel: Greenwich to Middle Falls. 
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Figure 11.--Relation of discharge to leading edge, peak, centroid, and trailing 
edge times of travel: Middle Falls to Clarks Mills. 
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Figure 12.--Cumulative times of travel for Batten Kill from BM 543 
bridge in Vermont to Clarks Mills, New York, for 
46-percent and 89-percent duration flows. 
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Dye D i spers ion 


Knowledge of diluting and spreading characteristics of a stream is im- 
portant in evaluating the effect of a suddenly injected contaminant into a 
stream. These characteristics vary with stream channel and flow and can be 
evaluated from the dye-dispersion curve. The data from the curves generated 
by the Batten Kill time-of-travel study have been used with the computation- 
al procedures outlined by F. A. Kilpatrick (written commun., 1970), and the 
results are given in table 4 and figure l3. 


Use of the unit-peak relationship, figure l3, is shown in the following 
examp 1 e: 


l. Assume that l,OOO pounds of soluble contaminant were spilled 
at Center Fa 11 s. 


2. Assume there is an intake at Middle Falls. What will be the 
maximum concentration of the contaminant at Middle Falls? 


3. Assume that the flow at Greenwich is 300 cfs (cubic feet per 
second) and the flow at Middle Falls is 320 cfs. 


4. From the discharge-time relationships, figures 9 and 10, the 
peak time of travel is found to be 10.0 and 6.8 hours, re- 
spectively. The cumulative peak time of travel is 16.8 hours. 


5. From the unit-peak relationship curve, figure l3, the unit- 
peak concentration for a time of travel of 16.8 hours is 
780 micrograms per liter. 


6. The unit-peak concentration 
s then converted to the expected 
concentration by the formula: 
C max = C u x 
 where 
C max is the expected maximum concentration at the intake, in 
micrograms per liter; 
C u is the unit peak, in micrograms per liter; 
S is the soluble contaminant spill, in pounds; and 
Q is the discharge, in cubic feet per second, at the intake. 
In this example: C = 780 x l,OOO = 2 440 
g/l or 2.4 mg/l. 
max 320' 
The sanitary engineer must, at this ti
e, decide whether the 2.4 mg/l (mill- 
igrams per liter) contaminant can be handled or whether the intakes must be 
shut down until the contaminant passes. If the intakes must be shut down, 
figures 9 and 10 can be used to determine when the leading edge of the con- 
taminant will reach the intake and when the channel will be clear. 


In the "Percent of dye recovered" column of table 4, there are three 
readings of over lOO percent. These higher readings are probably attribut- 
able to mixing of the dye across the channel, the injection of dye that was 
highly concentrated because of the evaporation of the solvent in which it 
was dissolved, or a combination thereof. 
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Figure 13.--Unit-peak attenuation curve for Batten Kill. 
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DISCUSSION 


A flow-duration curve is a means of describing the distribution of 
daily mean flows that have occurred and can be used to predict the distribu- 
tion of flows that may occur. The curve is a plot of flow versus percentage 
of time that the flow was equalled or exceeded. A 90-percent flow would 
indicate a low flow, one that has been equalled or exceeded 90 percent of 
the time. Similarly, a lO-percent flow would indicate a high flow, one that 
had been equalled or exceeded only 10 percent of the time. In contamina- 
tion studies, low-flow periods are the ones of greatest interest because 
during such periods the stream has less water to dilute the contaminant in- 
flow. Generally, a 75-percent or higher duration flow indicates low-flow 
conditions. The only gaging station actually on the reach studied was 
Batten Kill at Battenville. Figure 14 shows the flow-duration curve for 
this station. 


A generally satisfactory definition of the discharge versus time-of- 
travel curve usually can be obtained by measuring time of travel at three 
selected discharge rates. To define the low discharge end of the graph (the 
part most critical in contamination problems) one of the time-of-travel 
measurements should be made near the 95-percent or higher duration point. 


During this study, only two measurements were made--at approximately 
46-percent and 89-percent durations. The desired lower flow measurements 
(95- to 99-percent duration) were not possible because flow did not reach 
that point. It was decided to publish the results of the two measurements 
so that they may be avaiiable to those interested. If the opportunity 
arises for a measurement at the desired duration point, an addendum to this 
report giving the new data and revised discharge-time relationships (if 
necessary) will be published. 


As the study now stands, a straight-line log discharge-time relation- 
ship of the form TT = CQn exists as shown in figures 3 to 11. Although 
previous studies generally have found a slight deviation from this straight 
line, the TT = CQn discharge-time graph can be considered a close approxima- 
tion to the actual conditions until additional measurements can be made. 
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